Abstract The present study sought to replicate effects of the number of syndemic psychosocial health conditions on sexual risk behavior and HIV infection among a sample of high-risk African American men who have sex with men (MSM) and to identify resilience factors that may buffer these effects. We used baseline data from an HIV riskreduction trial to examine whether a higher number of syndemic conditions was associated with higher rates of self-reported sexual risk behavior and HIV infection. Using logistic regression models, we tested for interactions between number of syndemic conditions and several potential resilience factors to identify buffering effects. Replicating previous studies, we found significant associations between numbers of syndemic conditions and higher rates of sexual risk behavior and HIV infection. Surprisingly, we also replicated a previous finding (Stall et al., Am J Public Health, 93(6):939-942, 2003) that the effects of syndemic burden on HIV status fell off at the highest levels of syndemic conditions. Among a variety of potential resilience factors, two-optimism and education-buffered the syndemic effect on HIV prevalence. This is, to our knowledge, the first paper to identify resilience factors buffering against syndemic effects among MSM. It also constitutes a significant contribution to the literature regarding prevention among black MSM. These results point to the need to identify HIV-positive black MSM and provide effective treatment for them and to develop interventions addressing both syndemic and resilience factors.
Introduction
The term ''syndemics'' refers to multiple, overlapping adverse health conditions that affect each other synergistically within a population. The term was introduced by Singer [1, 2] following its description by Wallace in the late 1980s [3] . Singer's original model, which grew from his work with drug users, included as syndemic factors substance abuse, violence, and AIDS, shortened to SAVA; subsequent investigators have added other conditions, such as childhood sexual abuse and sexual compulsivity, to their syndemic models [4, 5] ( e.g., Parsons et al. [4] , Stall et al. [5] ).
Interest in syndemic associations in public health has grown in recent years, particularly among men who have sex with men (MSM). Stall et al. [5] , examined syndemic effects on sexual risk behavior and HIV status in a sample of gay and bisexual men living in gay neighborhoods across the country [5] . This approach enabled probability-based sampling in these neighborhoods. In this analysis, the number of syndemic conditions reported by the men had additive effects on sexual risk behavior and HIV prevalence. Interestingly, the percentage of HIV-infected men in the category of the most syndemic conditions was reduced compared to the lower syndemic categories, a phenomenon attributed by the authors to higher levels of mortality among HIV-positive men at greatest syndemic burden. In a subsequent study, Dyer et al. [6] reported a study of HIV-positive African American MSM in the Multicenter AIDS Cohort Study (MACS), examining associations between number of syndemic conditions and sexual risk behavior but not HIV status since all participants were HIV infected. Men reporting three or more conditions were engaging in more unprotected anal intercourse than were men reporting fewer conditions [6] . However, men in the study were older and the sample was small. With the exception of the small study using the MACS cohort [6] , no studies have concentrated specifically on black MSM, the population at highest risk for HIV in the United States.
Diversity of Syndemic Factors and Population Characteristics
It is interesting to note that, while these studies tended to use similar syndemic conditions, the conditions were by no means uniform across the studies, suggesting that many adverse psychosocial health conditions can contribute to HIV risk and infection. Most of the studies described above used psychological distress, childhood sexual abuse, substance use (alcohol and/or other drugs), and intimate partner violence [5, 8, 10] ; sexual assault replaced childhood sexual abuse in one [7] , and others added sexual compulsivity [4, 6] . It appears that cumulative adverse psychosocial health conditions of any sort seem to exert their negative effects on HIV risk and infection.
Another point of interest is that, even among the MSM samples tested in the above studies, similar results were obtained across a variety of racial, ethnic, cultural, and socioeconomic sample characteristics. The MSM sample in the study by Stall et al. [5] contained relatively few men of color-only 18 % were African Americanand most participants were middle class and highly educated (38.5 % had a college or graduate degree). In another study the participants were Chinese men living in China [8] . The fact that the syndemic associations with HIV-risk-related outcomes generalize across these different populations-as well as transwomen [9] and STD clinic patients [10] -attests to the robustness of this effect.
Are There Resilience Factors that Buffer the Effects of Syndemic Conditions on HIV Risk and Infection?
The important question of whether there are resilience factors that buffer the adverse effects of syndemic conditions has thus far received little empirical attention. Some syndemic theorists have discussed the possibility that resilience factors exist and have posited some possibilities. In one qualitative study, men identified acceptance by others, community resources, and alternative family structures as sources of resilience [11] . Herrick et al. [12] list the qualities of shamelessness, sexual creativity, social creativity, volunteerism/social activism, self-monitoring, and social support as possible sources of resiliency that might buffer syndemic effects. More recently, Stall et al. [13] convened a symposium to discuss possible resiliency factors among gay and bisexual men and other men who have sex with men. In addition to the factors identified above [12] , this group identified altruism/empathy, adaptability, optimism, connection to a sexual minority community, external monitoring (dyadic), neighborhood, policy, community, homophobia management, and demographic characteristics as potential sources of resilience.
Finally, one empirical study identified resilience factors associated with sexual serosorting, a method to prevent transmission between serodiscordant partners by limiting sex to seroconcordant partners [14] . In this study, serosorting among HIV-positive men was associated with higher coping self-efficacy; among HIV-negative men, higher levels of social engagement predicted this behavior (admittedly a riskier one among men believing themselves to be uninfected).
The Present Analyses
The present analyses used baseline data from a study that tested an HIV risk-reduction intervention among African American MSM (Jemmott et al., in prep) to 1) attempt to replicate effects of syndemic burden on HIV risk behavior and seroprevalence, and 2) test whether potential resilience factors buffered these effects. We hypothesized that the number of syndemic conditions experienced by participants would be associated with higher levels of risk behavior and higher HIV prevalence. In exploratory analyses, we hypothesized that significant interactions between number of syndemic conditions and the resilience factors would reflect buffering; that is, the effect of syndemic numbers on the two outcomes would be attenuated when levels of resilience factors were higher. The potential resilience factors tested in the present paper were social support (as social network size), connection to the gay community, religiosity, Black pride, optimism, education, and income.
Methods

Participants
The participants were 593 African American MSM recruited from the Philadelphia area for a HIV riskreduction intervention trial. The study included men irrespective of their HIV serostatus and sexual orientation selfidentification. Men were eligible to participate if they were at least 18 years of age, self-identified as Black or African American, were born a male, and reported having anal intercourse with a man in the previous 3 months. Participants were recruited between April 2008 and March 2011 by advertising in a local newspaper read by African American MSM, through community-based organizations that serve African American MSM, by posting recruitment flyers at colleges, universities, parks, bars, adult bookstores, employing face-to-face recruitment at social events and activities and parties expecting a high African American MSM turnout, and through the referrals of participants (i.e., snowballing).
Procedure
Institutional review boards at the University of Pennsylvania and Temple University reviewed and approved this study. The Centers for Disease Control and Prevention deferred approval to the IRB at the University of Pennsylvania.
The present analyses used data from the baseline assessment of an intervention study [15] . The data collection sessions were implemented in a conference room at the University of Pennsylvania. Participants completed confidential questionnaires via audio computer-assisted selfinterviewing (ACASI). Participants were compensated with $25 for the preintervention assessment.
Measures
Prior to the present study, we pilot tested the paper version of the questionnaire with 217 men to ensure that the questions were clear and appropriate for the target population and then programmed it for ACASI and pilot tested it with 16 men.
Outcomes
Sexual Risk The primary outcomes for the present analyses were HIV risk behavior and HIV serostatus. Because our study included men who were both HIV-negative and HIVpositive, we constructed a sexual risk variable that took into account respondent serostatus, partner serostatus, and sexual position (''role'') for unprotected anal sex. This was possible because we had asked about participant serostatus, partner serostatus, and sexual position (insertive or receptive). For negative men, risk was defined as unprotected receptive intercourse with a seropositive or serostatusunknown partner. For HIV-positive men, risk (in this case, transmission risk) was defined as unprotected insertive sex with a seronegative or HIV status-unknown partner. Each participant received either a ''1'' (engaged in risk) or a ''0'' (did not engage in risk).
HIV Serostatus Participants self-reported their HIV status by answering the question, ''Has a nurse or doctor ever told you that you were HIV-positive?''
Syndemic factors
Each of the syndemic factors we used had been found to contribute to a syndemic effect on sexual risk and/or HIV serostatus in previous studies.
Depression Depression was assessed with the five-item version of the Center for Epidemiologic Studies Depression (CESD) inventory [16] . For each item, respondents reported on a scale from 0 (not at all) to 4 (extremely) their feelings during the previous week. Example items are ''Have you been bothered by feeling lonely even when you are with people?'' and ''Have you been bothered by feelings of worthlessness?''. Ratings on the five items were averaged, and a binary variable was created where the respondent was given a score of ''1'' if the average rating was greater than or equal to 1.00 and a score of ''0'' if the average rating was less than 1.00.
Childhood sexual abuse Childhood sexual abuse was assessed with six items concerning events before the respondent was age 18; an affirmative response to any was counted as sexual abuse. The measure was adapted from a subset of the Wyatt Sex History Questionnaire [17] . Example items were ''Before you were 18, did anyone have sex with you against your will?'' and ''Before you were 18, did anyone ever put their penis in your mouth or your mouth on their penis?''
Alcohol Problems Alcohol problems were assessed with the 4-item CAGE [18] . The respondent answered yes/no to 4 questions and was coded as having a problem if he endorsed two or more items.
Problems with Drug Use. We used the Texas Christian University Drug Screen (TCUDS) to identify a history of heavy drug use and dependence, denoted by a score of 3 or greater [19, 20] .
Intimate partner violence (IPV). Intimate partner violence was assessed with three items from the Revised Conflict Tactics scale [21] : ''Since the age of 18, has any intimate partner ever punched or kicked you, beat you up, slammed you against a wall, hit you with something that could hurt, or scalded or burned you on purpose?'', ''Since the age of 18, has any intimate partner choked you or used a knife, gun or other weapon on you, or threatened to do so?,'' and ''Since the age of 18, has any intimate partner used any force to make you have sex?'' Endorsement of any of these items led the respondent to be classified as having experienced IPV.
The syndemic variable was constructed, as in other studies, by adding the number of syndemic conditions experienced by each man. The categories that we used were 0, 1, 2, and 3 or more.
Resilience Factors
Social Network Size Social network size was assessed with a ten-item scale asking which of a number of different types of people to whom the respondent had spoken on the phone or in person in the previous 2 weeks [22] . These included, for example, ''spouse or steady partner,'' ''any of your children,'' and ''members of your church, mosque, etc.'' The sum of endorsed items became the scale score. Social support was one of the factors speculated to be protective in the study by Herrick et al. [13] .
Connection to the Gay Community Respondents were asked to respond ''yes'' or ''no'' to the question, ''Do you consider yourself to be a member of the gay community?'' This factor was also identified in the Herrick et al. [13] study.
Religiosity Respondents indicated the frequency with which they engage in specific religious activities, on a scale from 1 (never) to 5 (twice a week or more). Items include ''(How often do you) go to church or worship services,'' ''read the Bible or other religious works,'' and ''listen to religious radio stations?'' The sum of endorsed items became the religiosity score. This variable was selected based on the recognition of the importance of religion in the lives of African Americans [23] .
Black Pride Black pride was assessed with a seven-item scale [24] . Responses ranged from 1 (disagree strongly) to 5 (agree strongly). Example items are ''I believe that because I am black, I have many strengths'' and ''I feel good about black people.'' The item average became the scale score. In the study by Herrick et al. [13] , ''internal homophobia management'' was speculated to be protective. In this African American sample, we considered black pride to be an analogous concept.
Optimism This was assessed with Cantril 's SelfAnchoring Ladder scale [25, 26] , which was comprised of two items with values ranging from 1 (worst possible life) to 10 (best possible life). Respondents indicated the level at which they placed themselves ''at the present time'' and ''one year from now.'' Optimism scores were computed by subtracting the ''present'' value from the ''one year from now'' value. Optimism was given as a potential resilience factor by Herrick et al. [13] , who also listed ''demographics'', leading us to include two final potential resilience factors:
Education Four levels of education were entered into resilience analyses: No formal education, less than a high school diploma, a high school diploma, and some college or more. Income Participants reported their monthly income in seven categories that ranged from ''less than $400'' to ''1651 and above''.
The assessment also included measures of other sociodemographic variables, theoretical mediator variables, and health promotion behaviors and mediators.
Data Analysis
Pearson product-moment correlations were performed to identify degree of overlap among the syndemic variables. Chi square tests of association and logistic regression were used to identify levels and significance of the HIV risk behavior and infection outcomes for different numbers of syndemic factors (0, 1, 2, and 3 or more). To examine potential buffering effects, significance of interactions between the syndemic variable and each potential resilience factor were tested for each of the two outcomes in the logistic regression models. The alpha = 0.05, two-tailed statistical significance criterion was used and all analyses were completed using SAS version 9.3.
Results
Demographic characteristics of the sample are given in Table 2 . In general, the sample was poor, with more than two-thirds earning less than $850 per month. Unemployment was high, with almost 70 % being unemployed. About 12 % of the sample reported no formal schooling, and 52 % had less than a high school education. About a third of the sample reported being HIV positive (likely an underestimate of actual infection, given findings indicating high levels of undiagnosed HIV infection in this population [27] . Almost 40 % reported high-risk behavior. Table 1 also reports levels of syndemic and resilience factors. About a quarter of the sample reported problem drinking; almost half reported childhood sexual abuse. Thirty-seven percent of respondents reported having experienced intimate partner violence. The majority of men said that they did not feel themselves to be members of the local gay community. Table 2 presents intercorrelations among the syndemic factors we examined. The substantial overlap (correlations) among them is consonant with syndemic theory, which posits synergistic relations among components of syndemics. Table 3 provides the percentages of men reporting highrisk sexual behavior and HIV infection as a function of the number of syndemic conditions experienced. As in previous studies, higher numbers of syndemic conditions were associated with greater prevalences of high-risk behavior and HIV infection. As in the study by Stall et al. [5] , the effect of syndemic number on HIV prevalence was reduced at the highest syndemic level compared to lower ones. In logistic regression models, the odds ratio was 1.88 (95 % CI, 1.59, 2.25) for high-risk sexual behavior and 1.25 (95 % CI, 1.06, 1.48) for HIV prevalence. No covariates were included in these models.
Results for the analyses testing interactions between syndemic burden and potential resilience factors were nonsignificant (ps [ 0.1), except for two revealing buffering of the syndemic effect on HIV prevalence (see Table 4 ). Significant syndemic number by resilience factor interactions were obtained for both optimism and education, which means the relation of syndemic factors to HIV prevalence significantly differed depending on the level of optimism and education. As shown in Figs. 1 and 2 , which depict graphically these interactions, there were buffering effects: higher levels of both optimism and education were associated with an attenuated relationship of syndemic number to HIV prevalence compared with lower levels of these resilience factors. In fact, at the highest levels of both optimism and education, the relationship between syndemic number and HIV prevalence was flat or sloped slightly downward. At the lowest levels of these resilience factors, the relationship increased sharply; at intermediate levels the relationship remained positive but was intermediate in size between the high and low levels.
Discussion
The present study sought to replicate previous findings indicating that, among MSM, the number of syndemic conditions was significantly associated with HIV sexual risk behavior and HIV serostatus. Further, it sought to identify resilience factors that might buffer these effects. Indeed, this study of low-income African American MSM in Philadelphia did replicate the effects of previous studies. Interestingly, the finding by Stall et al. [5] that the effect on The sample size was 593 * P \ 0.05; ** P \ 0.01
HIV prevalence was attenuated at the highest syndemic level was also replicated here. Data for the Stall et al. [5] study had been collected prior to the widespread availability of combination treatment (highly active antiretroviral therapy, or HAART), which has had the effect of prolonging the lives of HIV-infected persons dramatically; thus it is not surprising that the most burdened HIV-positive participants in that study may have died. The present study, however, was conducted during the era of HAART.
What could explain the diminished number of seropositives at the highest syndemic levels in the present study? Analyses of the most recent HIV surveillance report indicates that approximately 35 % of those testing HIV-positive in Philadelphia during the most recent surveillance period, [28] were simultaneously diagnosed with AIDS at the time The sample size was 593 * P \ 0.05; ** P \ 0.01 of their initial HIV diagnosis, indicating that some men had avoided testing-and thus, treatment and appropriate care-until it was too late for that care to make much difference. Thus, even in the present study, conducted in the late 2000s, the falloff in HIV seropositivity at high levels of syndemic burden might have been due to excess mortality among the most burdened HIV-infected men. We tested for buffering effects of several hypothesized resilience factors on the effects of syndemic numbers on HIV risk behavior and HIV prevalence. Included among the factors tested were social network size, connection to the gay community, religiosity, Black pride, optimism, education, and income. It should be noted that social network size, a structural measure, should not be expected to show a buffering effect [29] . None of these resilience factors exhibited a buffering effect for syndemic effects on HIV risk behavior. However, two of them did prove to be significant buffers against syndemic effects on HIV infection. These were optimism and education. Interestingly, a sizable literature links optimism directly to a variety of health outcomes [30] . While further research is needed to elucidate why these specific factors were important, it does seem likely that optimism about the future might be associated with greater motivation to live to see that future. Education may exert its buffering effect through effects on self-esteem, HIV knowledge, or more adaptive coping reactions.
Limitations of the present study include the uncertain generalizability to other African American MSM, given our sampling strategies and self-selection to the study. For the sexual risk behavior variable, we relied on self-report, which can be prone to self-presentation bias, and the same is true of HIV serostatus, although this is probably a more reliable measure, depending as it does on provider reports of serostatus to participants. Reports from the Centers for Disease Control and Prevention's National HIV Behavioral Surveillance system (NHBS) indicate that more than half of African American MSM who were HIV-positive were unaware of their status [31, 32] . Thus, self-reported HIV status in this population will usually result in a significant underestimation of prevalence because so many positive persons are unaware that they are infected. Future research in this area will hopefully remedy this limitation. However, it seems unlikely that inclusion of undiagnosed HIV-positives (were we to know who they were) would eliminate the effects seen in the present study. Unawareness of infection is associated with being black, younger age, and lower educational attainment [32] . One might argue that, if anything, greater syndemic burden, which we know to be associated with higher levels of risk behavior, would militate against being tested and thus categorized among the HIV cases. If this assumption is correct, the results should be even more pronounced with these men included.
An important paper by Millett et al. [33] sought to identify factors responsible for the higher HIV prevalence among black MSM compared with MSM of other races, even with lower levels of risk behavior. It identified several factors that were higher among black MSM than others; these included higher rates of sexually transmitted infection and lower frequency of HIV testing; sexual risk behavior, nongay identity, sexual nondisclosure, or use of alcohol or other drugs did not differ by race and it was therefore concluded that they could not be responsible for disparities. There was insufficient evidence to evaluate a few remaining hypotheses. A question raised by the data reported here is whether black MSM experience higher rates of syndemic factors than other MSM; this would suggest the possibility that syndemic factors partly account for the greater HIV vulnerability among African American MSM. While a thorough review of the literature pertaining to this topic is outside the purview of the present paper, a quick comparison of these results with those of Stall et al.' [34] Urban Men's Health Study in which 80 % of respondents were white, shows higher percentages of men in the present study reporting child sexual abuse (20.6 vs. 48.9 %); physical intimate partner violence (22 vs. 37.1 %) [35] , and problem drinking (12 vs. 26.6 %) [36] . Future research should address this issue.
The results of the present study raise important questions about the likely effectiveness of current prevention approaches. In the current era of emphasis on biomedical prevention strategies such as PrEP, the importance of syndemic factors needs to be considered, and studied, carefully. Is the presence of syndemic conditions associated with lower adherence, either to PrEP for HIV-negatives, or antiretroviral treatment among HIV-positives? Does the presence of resilience factors buffer these effects?
Conclusions
Results of the present study replicate previous findings that syndemic burden is associated with elevated levels of HIV sexual risk behavior and likelihood of HIV infection among black MSM. We also replicated the findings of Stall et al. [5] that, at higher levels of syndemic burden, likelihood of HIV infection drops off. This falloff, in the previous study, was attributed to excess mortality among HIVinfected MSM with high levels of syndemic burden in the pre-HAART era; we tentatively speculate that excess mortality might be responsible for the same results in the current study, despite advances in treating HIV.
The data presented here suggest, based on this speculation that the falloff in HIV prevalence at higher levels of syndemic burden is due to greater likelihood of mortality, that African American MSM should be targeted for frequent HIV testing, and, if found to be infected, should be linked to appropriate care as soon as possible. That syndemic factors may affect engagement in the continuum of care is a hypothesis worthy of testing.
While we replicated the finding that syndemic burden was associated with HIV risk and infection, we also identified two resilience factors that buffer this effect. To our knowledge, this is the first study to identify such factors empirically. It is notable that one of these, optimism, was specifically hypothesized to be a buffering resilience factor during the symposium convened for this purpose [13] . Another resilience factor, level of education, also showed a significant buffering effect in the present study; while not specifically identified during the aforementioned symposium, ''demographic factors'' were, and education would be among these. It is interesting that education, but not income, showed a buffering effect, suggesting that education exerts its effects through routes other than income, possibly including selfperception as a competent and successful individual.
Removing the life circumstances that contribute to the syndemic effect among black MSM is an ideal goal. This will require structural changes, for example policies affecting child welfare and resources being made available to prevent violence and treat depression and substance abuse. In the meantime, awareness of the resilience factors that appear to buffer the syndemic effect may enable us to develop interventions that can reduce this effect more quickly. Of the two identified in the present study, optimism seems to be the potentially malleable one, although efforts to keep black adolescent MSM in school, and that support their higher educational attainment, are likely to have a beneficial effect. Identification of additional resilience factors that are capable of buffering syndemic effects remains an important task for the future, as we seek to increase our understanding of HIV risk among black MSM. Identifying the mechanisms by which syndemic and resilience factors exert their effects will also have real implications for intervention.
